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ABSTRACT 

PURPOSE: To attain the rapid boosting of a boostrap node, by boosting a 
gate voltage of a transistor (TR) transmitting an input signal to the 
bootstrap node attended with the leading of the input signal. 

CONSTITUTION: A voltage of VDD-VTE is applied normally to a gate of a TRQEB 
with a TRQEU. The TRQEB is inverted and coupled with an input V(sub in) 
through a gate capacitance of the TRQEB or a capacitor CB\ and the leading 
voltage of the input V(sub in) is formed so as to boost a gate voltage 
Y(sub b) of the TRQEB with the capacitor coupling. The voltage V(sub b) is 
boosted higher than a power supply voltage VDD at the same time with the 
leading of the input V(sub in), and a bootstrap node voltage V(sub s) is 
boosted rapidly with the input V(sub in). 
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Specification 

1. Title of the Invention 

Semiconductor Circuit 

2. Scope of Claims 

(1) A semiconductor circuit comprising: 

an another electrode of a channel conductive line of a first MOS transistor 
whose one electrode of the channel conductive line is connected to a first power supply 
and an another electrode of a channel conductive line of a second MOS transistor whose 
one electrode of the channel conductive line is connected to a second power supply, 
common-connected with a first node; 

a gate of the second MOS transistor common-connected to a gate of a third 
MOS transistor whose one electrode is connected to the second power supply; 

this gate connected to an another electrode of the channel conductive line of the 
third MOS transistor with a second node, through a first condenser; 

this second node connected to an another electrode of a channel conductive line 



of a fourth MOS transistor whose one electrode of the channel conductive line is 
connected to the first power supply; 

a third node that is to be an output of an inverter, connected to gates of the first 
and the fourth MOS transistors, where the inverter comprises fifth and sixth MOS 
transistors, and whose input signal is applied to a gate of the fifth MOS transistor,; 

an input of the inverter connected to gates of the second and the third MOS 
transistors thorough a channel conductive line of a seventh MOS transistor; 

a gate of the seventh MOS transistor connected to one electrode of a channel 
conductive line of an eighth MOS transistor; and 

an another electrode of the channel conductive line and a gate of the eighth 
MOS transistor are connected to the second power supply. 

(2) A semiconductor circuit according to claim 1, wherein a second condenser is 
provided between the electrode on the side of the input signal of the channel conductive 
line of the seventh MOS transistor and the gate. 

(3) A semiconductor circuit according to claim 2, wherein the first and the second 
condensers are structured by MOS capacitors. 

(4) A semiconductor circuit according to claim 1, wherein the node with which the 
gates of the second and the third MOS transistors are common-connected is connected 
to the first power supply through a ninth MOS transistor, and a gate of the ninth MOS 
transistor is connected to the third node. 

(5) A semiconductor circuit according to claim 1, wherein the node with which the 
gates of the second and the third MOS transistors are common-connected is connected 
to the first power supply through a channel conductive line of the ninth MOS transistor, 
and a gate of the ninth MOS transistor is connected to an other input signal source than 
the above-mentioned input signal. 

(6) A semiconductor circuit according to claim 1, wherein an absolute value of a 
threshold voltage of the second and the third MOS transistors is equal to or less than a 
threshold voltage of the first, the fourth, the fifth, the seventh and the eighth MOS 
transistors. 

(7) A semiconductor circuit according to claim 1, wherein a threshold voltage of 
the sixth MOS transistor is equal to or less than a threshold voltage of the first, the 
fourth, the fifth, the seventh and the eighth MOS transistors when the second power 
supply voltage is higher than the first power supply voltage, and the threshold voltage of 
the sixth MOS transistor is equal to or more than the threshold voltage of the first, the 
fourth, the fifth, the seventh and the eighth MOS transistors when the second power 
supply voltage is lower than the first power supply voltage. 



(8) A semiconductor circuit according to claim 1, wherein a threshold voltage of 
the ninth MOS transistor is approximately equal to a threshold voltage of the first, the 
fourth, the fifth, the seventh and the eighth MOS transistors. 

(9) A semiconductor circuit comprising: 

an another electrode of a channel conductive line of a first MOS transistor 
whose one electrode of the channel conductive line is connected to a first power supply 
and an another electrode of a channel conductive line of a second MOS transistor whose 
one electrode of the channel conductive line is connected to a second power supply, 
common-connected with a first node; 

a gate of the second MOS transistor common-connected to a gate of a third 
MOS transistor whose one electrode is connected to the second power supply; 

this gate connected to an another electrode of the channel conductive line of the 
third MOS transistor with a second node, through a first condenser; 

this second node connected to an another electrode of a channel conductive line 
of a fourth MOS transistor whose one electrode of the channel conductive line is 
connected to the first power supply; 

a third node that is formed of fifth and sixth transistors and to be an output of 
an inverter where an input signal is applied to a gate of the fifth MOS transistor, 
connected to gates of the first and the fourth MOS transistors; 

an input of the inverter connected to gates of the second and the third MOS 
transistors thorough a channel conductive line of seventh MOS transistor; 

a gate of the seventh MOS transistor connected to the third node through a 
channel conductive line of a tenth MOS transistor whose gate is connected the second 
power supply. 

(10) A semiconductor circuit according to claim 9, wherein a second condenser is 
provided between the electrode on the side of the input signal of the channel conductive 
line of the seventh MOS transistor and the gate. 

(11) A semiconductor circuit according to claim 10, wherein the first and the second 
condensers are structured by MOS capacitors. 

(12) A semiconductor circuit according to claim 9, wherein the node with which the 
gates of the second and the third MOS transistors are common-connected is connected 
to the first power supply through a ninth MOS transistor, and a gate of the ninth MOS 
transistor is connected to the third node. 

(13) A semiconductor circuit according to claim 9, wherein the node with which the 
gates of the second and the third MOS transistors are common-connected is connected 
to the first power supply through a channel conductive line of the ninth MOS transistor, 



and a gate of the ninth MOS transistor is connected to an other input signal source than 
the above-mentioned input signal. 

(14) A semiconductor circuit according to claim 9, wherein an absolute value of a 
threshold voltage of the second and the third MOS transistors is equal to or less than a 
threshold voltage of the first, the fourth, the fifth, the seventh and the tenth MOS 
transistors. 

(15) A semiconductor circuit according to claim 9, wherein a threshold voltage of 
the sixth MOS transistor is equal to or less than a threshold voltage of the first, the 
fourth, the fifth, the seventh and the tenth MOS transistors when the second power 
supply voltage is higher than the first power supply voltage, and the threshold voltage of 
the sixth MOS transistor is equal to or more than the threshold voltage of the first, the 
fourth, the fifth, the seventh and the tenth MOS transistors when the second power 
supply voltage is lower than the first power supply voltage. 

(16) A semiconductor circuit according to claim 9, wherein a threshold voltage of 
the ninth MOS transistor is approximately equal to a threshold voltage of the first, the 
fourth, the fifth, the seventh and the tenth MOS transistors. 

3. Detailed Description of the Invention 
[Technological field of the Invention] 

The present invention relates to a semiconductor circuit that is suitable for a 
static output circuit using a bootstrap circuit. 
[Technological Background of the Invention and the Problems] 

As for a MOS transistor circuit of a ratio-mode, a circuit type in which an 
enhancement-mode, an intrinsic-mode whose threshold voltage is around 0 V, or a 
depression-mode MOS transistor that is usually in an on state is made to be a load 
transistor and that is driven by an enhancement-mode MOS transistor is taken. As for 
this, in the case where a drive circuit is in a conducting state, direct-current electricity 
path from one power supply to the other power supply through a load transistor and a 
drive transistor occurs, and this occupies a large part of electric power consumption of 
the ration-mode MOS transistor circuit. Therefore, in a MOS transistor portion that 
has large conductance and is used for an output circuit or a circuit to drive a large load 
carrying capacity, a circuit type of a ratioless-mode is used to prevent the electric power 
consumption from increasing. For that reason, a depression-mode is avoided and an 
intrinsic-mode transistor is generally used for a load MOS transistor. In this circuit 
type, as shown in Fig. 1, in order to raise output conductance by a load MOS transistor 
Qld, a higher voltage than power supply voltage VDD is applied to the gate, so that the 
load MOS transistor Qld performs triode operation. That is, this is a circuit type in 



which a bootstrap potential is generated by a condenser CB and the transistor QIg, and 
that is applied to the gate of the load MOS transistor Qld in an output side. 

The circuit operation of Fig. 1 is shown in Fig. 4. That is, when an input Vin 
rises from a power supply (ground) Vss to VDD level, an output of the inverter formed 
of a depression-mode (D-mode) transistor QD and an enhancement-mode (E-mode) 
transistor QE rises as voltage Va in Fig. 4 (a). On the other hand, the input Vin is 
supplied through a transistor QEB to a bootstrap node whose voltage is shown as Vc, 
and when the bootstrap voltage Vc is raised by that, a transistor QIg becomes 
conductive, and a voltage at a node of Vd is raised by the transistor QIg. In this way, 
the bootstrap node is risen through a condenser CB for bootstrap, then a load MOS 
transistor Qld of the output circuit is driven by the voltage Vc, and a high level is 
outputted to an output Vout, as shown in Fig. 4 (c). On the other hand, as for a falling 
operation of the output, when the input Vin falls to VBB electric potential, the bootstrap 
node VC becomes Vss electric potential through the transistor QEB, and the load 
transistor Qld of output is in a cutoff state. In addition, the output Va of the inverter by 
the transistors QD and QE rises, the drive transistor QEd of output comes to be in a 
conductive state, and the output Vout falls to Vss electric potential. 

In the bootstrap output circuit in Fig. 1, the point which determines the rise 
time is the speed at which the bootstrap node voltage Vc is charged by the input Vin. 
That is, when Vc is risen a little by the input Vin through the transistor QEB, the 
transistor QIg becomes conductive, and Vc is risen along with Vd, by the bootstrap 
operation. During the rising time of Vc, until the Vc becomes "VDD- VTE" (VTE is a 
threshold voltage of the E-mode MOS transistor QEB), the transistor QEB is conductive, 
and therefore the input Vin rises Vc through the transistor QEB. The ultimate risen 
potential of the Vc is the sum of (VDD- Vss) CB/CT (CT is whole electric capacity of 
the bootstrap node), the first risen potential of Vc by the input Vin and the risen 
potential until reaching "VDD-VTN" during rising of Vc. As understood by the series 
of operations described above, when Vc is risen by Vin at higher speed than the speed at 
which Vd is risen by the transistor QIg, the ultimate risen potential of Vc becomes 
higher, and the gate voltage of the output load MOS transistor Qld becomes higher, 
which makes high speed rise operation possible. Seen from that point of view, in the 
conventional circuit, even when Vc is intended to be risen at high speed by the input 
Vin, since the gate voltage of the transistor QEB is VDD, even when Vin rises to VDD 
potential, Vc is only risen to the electric potential which is fallen by the threshold 
voltage VTE of the transistor QEB from that potential. In addition, the gate voltage of 
the transistor QEB staying VDD electric potential means that the conductance of the 



transistor QEB gradually decreases, as Vin rises. That is contrary to the fact that Vc 
needs to be risen at high speed to Vin in order to improve the bootstrap operation. As 
a result, it is difficult to obtain high speed rising output, 
[Object of the Invention] 

The present invention is made in view of the circumstances described above, 
and provides a semiconductor circuit which enables high speed rising potential of a 
bootstrap node by an input signal, so that a high speed rising output is obtained. 
[General Description of the Invention] 

In order to achieve the above-described object, the present invention is to rise a 
gate voltage of a transistor which transmits an input signal to a bootstrap node along 
with the rise of the input signal so that the above-described transistor performs a triode 
operation. In this way, threshold voltage fall of the transistor QEB as the conventional 
example is prevented from occurring, and conductance of the above-described transistor 
is raised, so that high speed rising potential of a bootstrap node becomes possible. 
[Embodiment of the Invention] 

An embodiment of the present invention will be described hereinafter, referring 
to drawings. Fig. 2 shows the present embodiment, and it is an example of the case 
that corresponds to the one in Fig. 1, so the same symbols are used for the 
corresponding portions. That is, a drain of an E-mode transistor QEd whose source is 
connected to a power supply Vss (ground) and a drain of an intrinsic-mode (I-mode) 
transistor Qld whose drain is connected to a power supply VDD are common-connected 
with an output terminal of Vout, a gate of the transistor Qld is common-connected to a 
gate of the I-mode transistor QIg whose drain is connected to the power supply VDD, 
and the gate is connected to a source of the transistor QIg through a condenser CB. A 
source of the transistor QIg is grounded through the drain and the source of the E-mode 
transistor QEg, and the gate of the transistor QEg is common-connected to a gate of the 
transistor QEd. An output terminal of an inverter that is formed of a D-mode transistor 
QD and an E-mode transistor QE is connected to gates of the transistors QEg and QEd, 
an input terminal of the inverter, that is, a gate of the transistor QE is connected to an 
input terminal of an input signal Vin, and the input terminal is connected to the gate of 
the transistor QIg, that is, a bootstrap node, through a drain and a source of the E-mode 
transistor QEB. A gate of the transistor QEB is connected to a source of an E-mode 
transistor QEU, and a gate and a drain of the transistor QEU are connected to the power 
supply VDD. Although a condenser CB is provided between the gate and the drain of 
the transistor QEB, the condenser CB is to rise the gate voltage of the transistor QEB 
when the input signal Vin rises. Therefore, in the case where the stray capacitance of a 



gate node of the transistor QEB is smaller than the gate capacitance of QEB, the 
condenser CB is not needed, and the gate voltage can be risen enough by the gate 
capacitance of QEB. 

In the circuit in Fig. 2, a voltage of "VDD-VTE" is always applied to the gate 
of the transistor QEB by the transistor QEU, therefore the transistor QEB is in an 
inverting state and combined to the input Vin by the condenser CB or the gate 
capacitance of the transistor QEB. In this way, the rising voltage of the input Vin is to 
rise the gate voltage Vb of the transistor QEB by condenser combination. Due to this 
circuit structure, when the input Vin rises as shown in Fig. 5, the voltage Vb is risen 
higher than the power supply voltage VDD at the same time, and therefore the bootstrap 
node voltage Vc is risen at higher speed, compared to the conventional example, by the 
input Vin. As for an initial risen potential by the input Vin of the bootstrap node, since 
the transistor QEB performs a triode operation, there is no threshold voltage fall of the 
transistor QEB, which is seen in the conventional circuit. In addition, decrease in 
conductance of the transistor QEB caused by decrease in electric potential difference 
between the source and the gate along with the rise of the input Vin is small. 
Therefore, rising of Vc by the input Vin becomes faster, and the rise of the output Vout 
also becomes faster. On the other hand, when the input Vin falls, Vc becomes VSS 
potential through the transistor QEB, and the transistor Qld comes to be in a cutoff state. 
In addition, an inverter output voltage Va by the transistors QD and QE rises, the 
transistor QEd becomes conductive, and the output Vout falls. 

Fig. 3 is a circuit diagram of the other embodiment of the present invention. 
The feature of this circuit is that an E-mode transistor QEC is provided between the gate 
of the transistor QEB and the output terminal of the inverter by the transistors QD and 
QE, and the power supply VDD is applied to the gate. 

In the circuit in Fig. 2, the gate voltage Vb of the transistor QEB is risen 
greatly by the rise of the input Vin, and ultimately it reaches the sum of the voltage 
lower by the threshold voltage of the transistor QEU, that is "VDD-VTE", and the risen 
potential by the input Vin through the gate capacitance of the transistor QEB. And that 
potential is higher than "VDD+VTE", and QEB is always in a conductive state. 
Therefore, in the bootstrap node potential Vc, there is a week point that an electric 
current path that leads to the input Vin through the transistor QEB arises and therefore 
Vc tends to fall. In Fig. 3, after rising the bootstrap node voltage Vc by the rise of the 
input Vin, the gate voltage Vb of the transistor QEB is lowered, the electric current path 
from the bootstrap node to the input Vin is cut off by setting the transistor QEB in a 
cutoff state, in the rising Vc that starts when the bootstrap operation starts. And in this 



way, the bootstrap voltage Vc is heightened, and the effect of the bootstrap operation is 
improved, so that the output Vout by the transistor Qld is speeded up. 

In a rise operation in Fig. 3, the inverter output by the transistors QD and QE is 
in a high voltage level even when the input Vin rises. Therefore, the threshold voltage 
drop potential "VDD-VTN" of the power supply voltage by the transistor QEC is 
applied to Vb through a D-mode transistor QD. In addition, the transistor QEB keeps 
the inverting state. Therefore, due to the gate capacitance of the transistor QEB and 
the condenser CB that connects the gate and the drain of the transistor QEB, the rising 
signal of the input Vin heightens the gate voltage Vb of the transistor QEB, and the 
bootstrap node Vc is risen at high speed by the rise of the input Vin. And when the 
transistor QIg becomes conductive and the bootstrap operation starts, the inverter output 
of the transistors QD and QE fall, and the Vb potential falls by that. When the Vb 
potential becomes equal to or lower than "VDD+VTN" since Vin that is the drain 
potential of the transistor QEB is the power supply VDD, the transistor QEU comes to 
be in a cutoff state, the electric current path which leads from the bootstrap node to the 
input Vin through the transistor QEB is lost, and the bootstrap node potential Vc is risen 
enough. In this way, the bootstrap operation is improved, so that the output Vout by 
the transistor Qld is speeded up. Fig. 6 is a voltage waveform chart that shows this 
operation. In the same way as the invention example shown in Fig. 2, when the stray 
capacitance of the gate node of the transistor QEB is smaller than the gate capacitance 
of QEB, CB is not needed, and the gate of the transistor QEB can be used as a 
substitute for it. 

In the embodiment above, two kinds of transistors, a D-mode transistor and an 
I-mode transistor, are used as load transistors, but these may be unified so as to make all 
the load transistors I-mode. Fig. 7 and Fig. 8 are diagrams in which all the load 
transistors of the circuit in Fig. 2 and Fig. 3 are changed to be I-mode. In addition, 
drive transistors and load transistors all may be E-mode, and Fig. 9 and Fig.10 show 
those examples. 

As for the fall of an output Vout of the circuit in Fig. 2 and Fig. 3, it is 
performed when the input Vin falls and the inverter formed of transistors QD and QE 
inverts to rise the gate voltage Va of a drive transistor QEd so that the transistor QEd 
becomes conductive. In that time, when the voltage Vc is still in a high potential, the 
transistor Qld is also in a conductive state, and in that period of time, the transistor Qld 
and QEd are ratio-mode circuits. So, wasteful electric current flows from the power 
supply VDD to Vss through the transistors Qld and QEd, and the falling speed of the 
output Vout decreases. Then, Fig. 11 and Fig. 12 show circuits in which the same 
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E-mode transistor QEi as the transistors QEd, QEg, QE, QEB, QEU and QEC is 
provided, so that the bootstrap voltage Vc in Fig. 2 and Fig. 3 falls to Vss potential, with 
Vc being immediately discharged when the input Vin falls and Va rises. Of course the 
discharge of the voltage Vc is better to be performed before the voltage Va rises, and so 
the gate of the transistor QEi may be controlled by the other outside signal Vin. Fig. 
13 and Fig. 14 show the example of that. 

In order to check the effect of the above-mentioned embodiment, the circuit in 
Fig. 1 to Fig. 3 is structured and the delay time of the rise of the output with respect to 
the rise of the input signal is checked. That is, the time from when the input Vin 
reaches the electric potential of 90 % of the voltage VDD to when the output Vout also 
reaches the electric potential of 90 % of the voltage VDD is checked. As a result, it is 
found out that the cases of Fig. 2 and Fig. 3 are not affected much by the size of the 
transistors QEU and QEC, and the delay time is reduced to be 1/14 to 3/1, compared to 
Fig. 1. 

The present invention is not limited to the above-mentioned embodiment, and 
various applications are possible. For example, the present invention can be applied 
not only to an n-channel type transistor circuit but also to a p-channel circuit. In 
addition, in the case where the circuit of the present invention is made to be an 
integrated circuit, the condensers CB and CB may be structured by MOS capacitors. 
[Effect of the Invention] 

According to the present invention described above, since a node to perform a 
bootstrap operation is made to be risen at high speed, a semiconductor circuit where a 
high-speed rise output circuit is obtained can be provided. 
4. Brief Description of Drawings 

Fig. 1 is a conventional semiconductor circuit diagram, Fig. 2 and Fig. 3 are 
circuit diagrams of the embodiment of the present invention, Fig. 4 to Fig. 6 are wave 
form charts to show the circuit operation of Fig. 1 to Fig. 3, and Fig. 7 to Fig. 14 are 
circuit diagrams of the other embodiments of the present invention. 

Qld, QEd, QIg, QEg, QD, QE, QEB, QEU: MOS transistors 

CB, C'B: condensers 

Applicant Representative: Patent Attorney Takehiko Suzue 
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